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(57) Abstract: A magnetoresistive device produced by a method including a heat- 
treatment step at above 330 ° C, having maximum lengths of 10 nm or less from the 
center line of a nonmagnetic layer to the interfaces between a pair of ferromagnetic 
layers and the nonmagnetic layer, and exhibiting magnetoresi stance characteristics 
exceeding those of conventional devices. The device is produced by, for example, 
forming an underlying film on a substrate, heat-treating the underlying film at 400 
° C or more, reducing the surface roughness by irradiating the underlying film with 
an ion beam, and forming the ferromagnetic and nonmagnetic layers. The maximum 
length can relatively also decrease if M 1 (at least one kind selected from among Tc, 
Re, Ru, Os, Rh, Ir, Pd, Pt, Cu, Ag, and Au) is added to the region in the ferromagnetic layer to the depth of 2 nm from the interface 
with the nonmagnetic layer. 
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^ 4 a) (D^>Zf;Vl ~8 \Z X Y) , 0. 3 ~ 6 0 a t %<£> P t (DWdMte £ 13 
3 0 Ot^lClM^MR^tt^, P t &^LfcV^:/;7Vl'£:JfctfeL , r N 

r^_t tfc^t as?W8*t?# So 3 ~ 3 o a t %m&<owto\z.& r> , 3 O 

5 4a) OCo 75 Fe 25 £r, Co 90 Fe 10 , Co 50 Fe 50 , Ni 60 Fe 40 , 
Fe 50 Co 25 Ni 25 [^Mfcf^ Ni 80 Fe 20 £r, ir^* K Co 
90 Fe 10 ttltx.fc^ ^%l^«^5ftM^^fc 0 £fc, Pt^ Re, 
Ru, Os, Rh, I r, Pd, Aufgtfe fc^l^ ('^Rf fcffiliB T? # „ 
S4b) <D^^7°7^9~1 6fc«fc «9 N Pt^Pd^2 : 1 <Dtk&-X?&flr 0 . 
10 3~6 0a t%, #(C3~3 0a t% ^tS-t^i^ 3 0 0°C^±© 

^q-TSTulff^tt^, 2 : l^fe, 10:1, 6:1, 3:1, 1:1. 
1 : 2, 1 : 3, 1 : 6, 1 : lOi^itfe, l^$IOffilW#ibtLfc 0 ^fc N 
15 (Pt, Pd) ©P t^Tc, Re, Ru, Rh, Cu, AgC Pd^Os, 
I r, Au^n^^XLT%, (Pt, Pd) Sr^ft-Oa*^ 8 5S$0 

5c*^m^t>^^^V^Tt. |i^<DffilW#£>;frfc 0 ^fc, Ni 60 Fe 40 
Co 75 Fe 25 , Fe S0 Co 25 Ni 25 ^I#Mfc^> Ni 80 Fe 20 ^ 

20 g4c) (O-^r^-fjV 17~24H±|5 N I r , Pd, Rh^2 : 1 : 1 <Dtb 
fT«LTt, ^4 a) , b) MR<f$tfeaS|RUiU/tr. t«Sfltt8T?# 

5 0 ^OffifpJte, IrSrl^LT, Pd, RhWMO. 01~100© 
t&fflT^^h^^fc^fc t # K«^«S8T?# fc 0 £ fc, C o 9 0 F e x 
o^r, Ni 80 Fe 20 , N i 65 F e 25 C o 10 , Co 60 Fe 20 N i 20 ttlli 

25 fc^-D\ Co 75 Fe 25 ^r, Co 50 Fe 50> Fe 60 Ni 40 , Fe 50 Ni 50 Ef 
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Tumcom^^t Lt> (I r, Pd, Rh) Mtt*LT N (Tc n 
Re, Ag) , (Ru, Os, I r) s (Rh, Ir s Pt) , (Pd, Pt N 
Cu) , (Cu, Ag, Au) , (Re, Ru, Os) , (Ru, Rh s P 
d) , (Ir, Pt, Cu) , (R e, I r, Ag) &M^1£&&\Z.$3\t^X 

i4d) 5~3 2tZ$oh^Xhs t4a) ~c) £ I^HtO^I*!^ 

ffcLTV^r.£tf*?WB-T?#;/fco L^U r ©Mn ©i£Scf*> Pt©^bP^±t) 

10 ©M»-C^§r ±:£r^LTV^ 0 j&*3 % Pt^Tc, Ru, Os, Rh, 
I r, Pd, Cu, Agl^iTl), RtSIOffilWWbfrLfco ££>fc, JbfBT 
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5a) last, Re(DWkmn, 3~3 0at%^WtU\ L^U r^T? 
f<t3£fcR e as^mSHTV^^eV^ft'TffcSo Retfti^ Ru, Os, Rh, 

5 i r, pa, pt, cu, Aum&m^xhmm^mfa^nbtifco ^fc m 

Z>o Z<Dm&tei>M&<D&fk&&t>tl1to i5b) ©Rut Tc, Re, R 
h, Ir, P d, P t , Ag, Au\Z s O s £:T c. Re, Rh, I r , P d, 
10 Pt, Cu, Au('^M^iTt), [H«0^im^#btLfc 0 rrn, 3iS 

*5c) ^L7tf-^-7Vp-e«\ »tti©»-^©^Pt, Cu«S 
^bP$*lTV^5o -©^^%^^lRJ^#£>tb/c 0 m<D (Pt, Cu) 
T c. Re, Rh, I r, P d, Pt N Ag, Au, (Ru, Ir) , (P t, 
15 Pd) , (Pt, Au) , (I r, Rh) , (Ru, Pd) N (T c , Re, 
Ag) , (R u. O s , Ir) , (Rh. Ir, Pt) , (Pd, P t , C 
u) , (Cu. Ag, Au) , (Re, Ru, Os) , (Ru, Rh, Pd) , 
(Ir, Pt, Cu) , (Re, Ir, Ag) \Z.&jLXi>m&<Dm$l&&htl 

20 i5d) ~^8a) fcMn t P t £r«Jbfc k£ (DWMk&Tfrto i5d) fit 
Mn^RO a t %^^fjSi~§ 0 *6a) ~|8a) fit, Mn^O. 2, 0. 5, 
1, 2, 5, 8, 12, 19, 2 2 a t %SJP Lfc i t P t ©iJPi?rift 

25 fe-t-s^, p t$sM3i<£ v$t;m&®m£frix^z>z. ki>mmx%z> 0 

tsb) ~d) ^fit, ^(D^ttii^^ri-sm^^ovNT^aii^m^^ 
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*9a) Mn^j;t;P t Sr^tffyy^t^it?) 3 5 O°C^J:04 0 

fcfcU |9a) ^#5V^T\ Pti*5ctt/ (Pt+Mn) if£ N ^MMwKD 
■V-^ZfMZL&ftZ r^4j ^*5^^.#*T?fe5o 
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P t <DffiM&& 0 . 3~6 0at% MnOttP 2 0 a t %JB*T<£>fSffl N 
#HlMn<Pt©|SfflTs g:V^4#'I4^#fettfc 0 Mn^8~5a t%J^T©I 
i&X\ Mn < P t Xl^ Mn^^tttioT, P t £ "9 

[n]_hLTV^ vrmVk&fo&tD&fyX kthZo Mn^ft;tT, Cr^ (Mn, C 
5 r) Sri : 0. 0 1 — 1 : 1 0 0 <©Jfc^T?«§2HI LfcSFfteiSVvr fc> mWt<Dm 

*4a) ~i9b) tfi^LTV^V^ ^ hK^-^Ji-m^U^^'t^ 
10 V^< o^*^^i^bfc 0 rtLk<D*^oV^T%, ^^tS^^^^tLfc., 
«4a) ~*9b) -Cf*4 O 0 o C^-e©f^^iS(D^m^*bfc^ N V^<-o^ 
OI^^/H-o^Tf^ 4 O 0°C~5 4 0°C(Z)|SH^*5V^T 1 0°CM^-Xm^ 

0. 3 — 6 0 a t%£: Lfc*^fefi, 4 5 0 °C^X(O^MM^Km^X , M 

15 mm^mT-titm^xmtitcMRWi^mhivf^ m-mm% 3 — 3 o a 
t%^i-5«^. 5 o o°c~£x<Dmmx\ mmM(Dm^tttmvxmthtzMRm 

M 1 tt t^Mn, Cr (liP5c*M 2 ) bfc*-T--T?^ s 
-M^^ffTofCo -^(Df^ M^^-^S^O. 3 — 6 0 a t %Xfo^XM z <M 
20 1 i: 4 5 0 0 C^-e<Dm^a^^joV^Ts mM^mtlf'MR 

#t4^#b^Lfc 0 ^fc, M x (D-^^r»^3~3 0 a t %, M 1 (D^*;^ 8 a 
t%*^ N M 2 <M X tVf^m^h^ iibttt, 5 0 0°Ct 

25 ^\ ^ttS^r, ^XvliWa^AlO, ^^^/l-l^l^ £ 3 A 1 
O, Sgtt7lf(ij;§AlO, Stlftta^AlN, yy^VIIWaSA 
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mfc^frteyv^mikKzzA i s i o N smmmt, ^y^mmt^t- 

^fc, S3«l4)l£bT, PdPtMnW-tiT, FeMn, NiMn, I 
rMn N PtMn, RhMn N CrMnPt, CrAl, CrRu. CrRh, 
CrOs N Crlr, CrPt, TbCo ^r^fc^^ \5\m(DmW& 

^fc N «tt^I^bT N Ru (Jg^O. 7 — 0. 9nm) ^ft^T. Rh 
(O. 4 ~ 1 . 9 n m) , Ir (0. 3 ~ 1 . 4 n m) s C r (0. 9 ~ 1 . 

4nm) ^m^^m^-h, mm<Dm\ti}$mhtLfr 0 

tiALTA ll^gftLTA 1 ONI (Jglff 1 . 0~2nm) ^flLfc c 
«t4^«Ht LTf*. Rh ( 1 . 4 ~ 1 . 9 nm) ?rffiV^fc 0 «^ 
LTfi, PtMn (2 0~3 0nm) £rJlV^c 0 

imi!5£&t^»l4Ji f±> * 5 d ) ~* 8 a ) Kl* bfci^^^- i^i^t 
fc„ fcfcU ^HJ&MXf^ P t*3 J^Mn^B*:. T a^J;^N(Z)»M 

2 ^ mm, 5 4 o x'vifofiim&cDmk&m^itAK - - 
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iftft 3 5 0°Ct 4 0 0°C(DiiJ^m^^i- o ^UteM-Cfi, i&$C«M&£ LTS 

mi o~2 2^^-r 0 

Jb t ft 3 £ a£C#t£tf *iBI3£t? # ft ^ o fc 0 

tlO, 11, 12, 15, 16, 19, 2 0©fy//H?il IMf© 
MR#t£te, Ta, N£»bftV^^ttbitfebT, ± 1 0 t ftofc D 

rtv^*f U * 1 3 , 17, 21 ©f 10-20 %^MR#'|4/$S 

10 ^<fc U *14, 18, 22 (D^r^?V^:\± 5 0-6 0 %@JgMR#t£/^'ffc 

ft*5, T a ^ftx.T, Ti, Zr, Hf, V, Nb,Mo,W, Al, Si, 
Ga, Ge, In, S n SrJEV^T^ l^#^{§l[W#b3xfc 0 ^fc, N^ftx.T, 
B, C, O^^TfeR«(^fStR]^#^^fc 0 

15 

mmm 4 ) 

^srf^0bfc o «©a^fs, mum z tmmt b^, 

i: b T fi, O © -Y ^ >- 7 /UfA 1 S^^ffc b Tf^M bfc A 1 

20 Ox (JJUffl. 0~2nm) £rffiV^c 0 ^tfefeJSJS i bTte, Ir (l. 2 
— 1. 4nm) £rfflV^fc 0 ^MH4JS i: bTJ*, N i Mn (3 0 — 4 0 n m) 

m^Hit^^nattiifi, ^ 4 -« 8 ^Tf; bfcf- ^7°/^ ^ mm t bfc fcfc 

b, *mMWX*l±, Pt, Pr, Au£»b, ^Mfl©Wf©MRi 
25 0^li^^^^ig^fc o 

IS^^^J^fcat)^, ^T, 3 5 0°C, 4 0 0°C, 4 5 0°C, 5 0 0°C 
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n7 7 ^/K SIMS, ^ V y»XP S#ffi#&fflV^ifej£Ufco 
^^-rSia^O^f-^^SrSlJ^i^b, 3 5 0°C S 4 0 0°C N 4 5 0°C, 
5 0 0°CX 2 4 B#FflMJi#ffl^ ( 1 0 ~ 5 P a ) XlMS L/c 0 r. <D*&<&f-lszf 

(SEM) (aWIi^ EDX^£5ffift«^£fT^fc Q ^UT, 
<DMR#t£?^ M^^ML^V^^tttfeLT, 3 0-1 0 0%gg[p]± 

ir&m^mmmkoiMRmm^ mmm&t^m^tvcm^x, 80-2 
(mmm 5 ) 

HW!|2<D*4d) % 5 a) % 5 b) % 5 c) „ 5d) Wls^MZ ^V^T, 

«ttiO»^lt5Mn^2 0~0. 5 a t %<D$m - t & i&K: 

^S^l-f»tt7C* (F e , Co, N i ) (D-g-^*^ 4 0 a t %^T£ & «9 , 
25 ^ tf)*^ MR#ttl)fL< ^ L fc D — # N JilBEHf ^5 5 0 n m £r_hlH] 3 
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